The recognised association between prematurity and myopia may be exacerbated by retinopathy of prematurity (ROp). I -S High myopia is associated with both stage 3 and cicatricial ROP. 9 The latter is found in stages 3, 4 and 5 but not stage 2. Recently several studies have shown that myopia is less severe in laser-treated eyes compared with those treated with cryotherapy.10-12 However, information in the literature is scant as to the mechanism or mechanisms underlying this induced refractive error. We have previously reported that children with ROP had smaller eyes at 33 weeks compared with premature children without ROP and that this difference had increased by 41 weeks. 13 Furthermore it was found that increasing stage of ROP was inversely related to axial length. Previous studies have also indicated that axial length does not explain all the myopia found in ROp.1,14-I 6 The present study was undertaken to analyse what influence, if any, prematurity, ROP and its treatment might have had on subsequent ocular growth and refraction in a group of children born prematurely.
Patients and methods
Ethics approval was granted to perform biometry on subjects from an earlier study whose initial biometry had been performed at 40 weeks. The patients and methods for the initial ocular measurements are detailed elsewherey, 17 The stage of acute ROP was documented by one observer (D.C.) in accordance with the guidelines of the Committee for the Classification of Retinopathy of Prematurity. IS Children from the original cohort were recruited into this study at a mean age of 40.2 months. Most children of this age are intolerant of direct application of the biometry probe on to the cornea so an alternative method was developed. This involved the use of a 'through-the-lid' technique as previously described using the Zeiss-Humphrey biometer 820, revision G software. 19 Verification and correlation of this method with the original corneal touch technique was confirmed and deemed acceptable, together with inter-observer and inter-session variability?O The gain was set to 80% for these through-the-lid measurements. Following cycloplegia with 1% cyclopentolate, the child was encouraged to look at a straight-ahead target with the contralateral eye while the examiner gently closed the ipSilateral upper eyelid. The pattern of lens and retinal spikes was used as the main indicator of axial alignment as judged by a colleague. Readings were accepted only when anterior and posterior lens reflections were present and a sharp retinal spike was visible. Three scans were obtained for each child. The printouts of each scan together with their calibration scale were then video recorded and, from this video, the one deemed to be most accurate for calculating ocular dimensions was transferred to a computer. Using software from the National Institutes of Health, USA, the following measurements were automatically calculated in millimetres: axial length, 'anterior chamber' depth, lens thickness and posterior segment length. Axial length was measured from the longest vertical spike, representing the posterior corneal surface to the retinal spike, i.e. axial length did not include corneal thickness. Anterior chamber depth was calculated from the posterior corneal spike to the anterior lens surface spike, lens thickness from those spikes representing anterior and posterior lens reflections, and posterior segment length from the posterior lens spike to the retinal spike. All measurements were carried out with reference to the calibration scale on each printout and computer recalibration of this scale was performed after each new scan was captured by the computer from the video image. All scans were analysed and measurements performed by the same observer who was masked to the stage of Rap. Following biometry the child underwent cycloplegic refraction. The sphere, positive cylinder and axis were recorded and the mean spherical equivalent was calculated from the formula: spherical equivalent (SE) = ( ::,::: sphere) + 0.5 (cylinder)?l 
Stage of ROP respect to ocular dimensions were far more striking ( Table 2 ). It can be seen in Fig. 1 Fig. 2 shows that it was stage 3 eyes requiring cryotherapy which had the longest PSL while Fig. 3 suggests that ACD decreased in stage 3 eyes requiring treatment, the effect again being greater in the cryotherapy-treated group. Analysis showed that borderline significant differences did exist between the stages of ROP for ACD (RE: xl = 10.02, P = 0.07; LE: xl = 13.56, P = 0.02). L Twas greater in stage 3 eyes requiring treatment as there was some evidence of a significant difference (RE: xl = 10.40, P = 0.06; LE: Xs2 = 8.51, P = 0.13) (Fig. 4) . Table 3 shows the refractive data of the entire cohort. When stage 3 subgroups are taken together then the median mean spherical equivalent (MSE) for the right eye was -2.00 dioptres (D) and -1.69 D for the left eye and the stages differed significantly (RE: xl = 23.59, P < 0.0001; LE: X32 21.78, P < 0.001). Once again if stage 3 was divided into its subcategories of treated and untreated, we see that the higher degrees of myopia were seen in those requiring treatment, with the cryotherapy-treated group having the highest myopia 
Discussion
This study reports the refractive and ocular biometric outcomes in a cohort of children with a mean age, corrected for term, of 40.2 months who were born prematurely. In particular it analyses what effect, if any, the presence of ROP and its treatment may have had on subsequent ocular growth and how these effects may have contributed to the refractive error seen in these children.
The refractive data obtained confirm previous findings that low-birth-weight infants requiring treatment for ROP are at a high risk of developing myopia, with significantly greater myopia occurring in those who undergo cryotherapy.lO-12 In addition we found that the degree of astigmatism increased with increasing stage of ROP. Laws et al. 10 found that there was a significant difference between the laser-and cryotherapy-treated groups even as early as 3 months, and that the actual degree of myopia increased even further in the cryotherapy group for the subsequent duration of the study. The present study reporting at around 40 months agrees with these findings. We found that the degree of myopia in both laser-and cryotherapy treated groups was greater than that observed within the first year of the above study, while the refractive disparity between the treatments had increased even further. With respect to astigmatism Laws et al. 4 found that increasing degrees of astigmatism were associated with increasing stage of ROP. In their cohort no infant reached threshold disease but a significant difference existed between stages 2 and 3. In the present study significance existed only between threshold stage 3 and the other stages. In the treated groups we found that the laser subgroup had the higher degrees of astigmatism. This is in contrast to the findings of Laws et al.lO though the difference between laser and cryotherapy was not significant in their study.
White and Repka22 found only a minimal advantage of laser ablation over cryotherapy with respect to the amount of induced myopia at 3 years in their prospective trial comparing the two treatment modalities. However, because their numbers were small they were reluctant to draw any definite conclusions regarding any potential advantage of laser over cryotherapy. Although non randomised, our findings in relation to the degree of induced myopia support a definite advantage of laser treatment over cryotherapy at a follow-up of 40.2 months (mean refractive error RE: laser -2.35 D, cryo -9.34 D; LE: laser -3.08 D, cryo -7.78 D). We must await further analysis on this cohort to see whether these refractive differences will be maintained in the future. It may be that the perceived advantage of laser over cryotherapy in relation to induced refractive error may be an epiphenomenon rather than a true manifestation of laser treatment. Most workers would acknowledge that the standard of neonatal care has improved dramatically in recent years as evidenced by improved survival rates of the very premature. One could similarly deduce that the reduced myopia observed in the laser-treated eyes may be due to the overall improvement in neonatal care. However, cryotherapy was mainly performed on this cohort in 1990-1 and laser intervention was undertaken in 1991-2. We feel that these recognised improved benefits observed in neonatal care are unlikely to have had such a dramatic influence on disease severity in such a short interval and that the perceived beneficial affect of laser is therefore a real one.
The association between myopia and ROP is well documented1 -S and this study supports these findings. We found a significant difference in the amount of myopia present in stage 3 compared with the other stages. However, when we subcategorised stage 3 into threshold and subthreshold, then significance was maintained only for the treated groups, with no difference being observed for stages 0, 1, 2 and 3 subthreshold. Both Laws et al. 4 2 5 found no such correlation. When stage 3 was subdivided into threshold and subthreshold, it was mainly the influence of the cryotherapy-treated group and to a lesser extent the laser-treated group that caused these trends, while subthreshold ROP stage 3 children had similar ocular dimensions when compared with stages 0, 1 and 2. In addition laser-treated eyes, despite being myopic, had similar ALs to the other stages. They also had shallower ACDs and longer PSLs, whilst those treated with cryotherapy had the most extreme ocular dimensions, Le. longer ALs, longer PSLs and shallower ACDs. In his work, Fledelius16 found that in addition to shallow anterior chambers, children with ROP had thicker lenses, which contributed to their myopia. We also found an emerging trend between lens thickness, degree of myopia and increasing severity of stage 3. It has been reported previously13 that in the neonatal period AL is inversely related to increasing stage of ROP. In the present group this trend has reversed, with longer axial lengths seen in stage 3 children. Perhaps an explanation for this may be that anterior segment maturation may lead to a shorter eye initially but loss of regulation of posterior segment growth later.
Axial length cannot explain all the myopia seen in ROP. A 1 mm difference in AL length would account for just over 3 D of myopia. Yet stage 3 cryotherapy-treated eyes had a MSE of -8.00 D in the right eye and -7.25 D in the left eye. ROP may therefore exert other influences on ocular growth. We found a shallow anterior chamber to be a feature of all stage 3 eyes but more so in the treated groups. Shallowing of the anterior chamber would give rise to a more anteriorly placed lens that in turn will give rise to increased myopia. Furthermore we found a trend towards a thicker lens, which would also contribute to the overall myopia. Gordon and Donzis,l while not finding shallow anterior chambers in their study, actually measured lens power and concluded that lenticular myopia was a significant contributor in all their cases. In an effort to explain this they proposed that ROP may interfere with the normal reduction in lens power that occurs after birth? 6 We also found that PSL was increased in the stage 3 group. Therefore we can deduce that it is anterior segment arrest causing anterior displacement of the crystalline lens, together with increased LT and PSL, that were causative factors in the development of myopia in this cohort.
Whatever the precise mechanism we can conclude that increasing severity of stage 3 ROP is probably a significant contributor to the development of high myopia. Fielder and Quinn27 have suggested that the ROP insult retards that part of the globe which is undergoing maximal growth, and this effect will in turn mechanically inhibit anterior segment development, as evidenced by shallowing of the anterior chamber and smaller corneal radii. Though we did not perform keratometry in this present study we did find that astigmatism increased with increasing stage of ROP and was highest in those patients who underwent treatment. However, axis of astigmatism did not vary significantly between the stages. Although there was no statistical difference between stage 3 untreated and stage 3 cryotherapy-treated eyes, as evidenced from the boxplot, a trend towards greater astigmatism is seen in the latter group. With greater numbers we feel that this trend may have become significant. Exact cylinder determination is also more difficult in high myopia and this too may have biased the final analysis of astigmatic outcome. If we add to this the destructive effect of treatment to an already underdeveloped anterior segment, it is perhaps not surprising that the greater refractive anomalies occur in stage 3 treated patients. It has been shown that laser treatment28 (transpupillary) is less tissue destructive than cryotherapy (transscleral)?9 Laser treatment may therefore be less likely to interfere with ocular growth. An alternative explanation might be that both ROP and its treatment might interfere with neuroretinal growth factors which are thought to regulate anterior segment maturation while at the same causing an increase in PSL. As we strive to gain a better understanding of anterior segment arrest in ROP, we hope to report on both corneal and anterior lenticular curvature in the near future.
